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Abstract 
Internet Usage and Vulnerability in Acquired Brain Injury (ABI) 
Samantha Santomo 
Maria T. Schultheis, Ph.D. 
 
Objective: The proposed study will investigate the general behaviors of Internet use 
among individuals with acquired brain injury’s (ABI). Furthermore, analyses will be 
done to see if they have any increased vulnerabilities when using the Internet. Internet 
vulnerability is defined as experiencing or being prone to experience identity theft, 
monetary fraud/loss, and personal exploitation.  
Background: Current estimates suggest that more than 60% of U.S. adults use the 
Internet in daily life. For people with disabilities, the Internet use has been shown to 
provide self-worth, wellbeing, and independence. However, research has also shown that 
individuals with ABI have trouble when browsing the web. It is important to understand 
how individuals with ABI use the Internet compared to a healthy population, in order to 
assess if they are vulnerable to fraud and exploitation.   
Method: We propose to evaluate twenty-three individuals with ABI and twenty-three 
healthy controls. A newly developed Internet Fraud Vulnerability Questionnaire (IFV-Q) 
will be given to assess general patterns of Internet usage, impulsive behaviors, comfort 
levels when using the Internet, and vulnerability on the Internet. Vulnerability will be 
measured through monetary fraud/loss and identity theft sections in the IFV-Q. In 
addition, to examine potential cognitive contributions to Internet vulnerability, 
participants will be administered three neuropsychological tests: The Symbol Digits 
Modality Task (SDMT) to examine attention and visual scanning, the Stroop task to 
examine inhibition, and the Balloon Analogue Risk Task (BART) to examine risk taking 
behavior and impulsivity. It is hypothesized that people with ABI will be more vulnerable 
when using the Internet compared to healthy controls. It is also hypothesized that there 
will be relationships between high impulsivity and Internet vulnerability, and low 
inhibition and Internet vulnerability.   
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1. Introduction 
1.1 Internet Usage Statistics and Patterns 
 Currently, about 87% of the United States adult population and 95% of the teen 
population use the Internet in their daily lives (Fox & Raine, 2014). These numbers rose 
from only 60% of adults using it in 2010 (Weinstein & Lejoyeux, 2010). Many users are 
highly connected, meaning that they access the Internet from multiple locations and 
multiple devices (U.S. Census Bureau, 2013). Out of 462 Internet-using adults in the 
United States that were surveyed, 61% of them (282 people) said that the Internet is an 
essential part of their lives, whether it be job-related or other reasons (Fox & Raine, 
2014). In this same sample, 90% report that using the Internet is a positive force for their 
selves, and 76% believe it also serves as a positive force for society (Fox & Raine, 2014).  
Among older adults, Internet usage has been found to elevate levels of social 
support, reduced loneliness, life satisfaction, and psychological well-being (Heo, Chun, 
Lee, Lee, & Kim, 2015). For shy and/or anxious individuals research has demonstrated 
that the Internet can provide a place for communication (Scealy, Phillips, & Stevenson, 
2002). For these people who have trouble with social communication in their daily lives, 
the Internet serves as a beneficial tool to get them communicating just as much as people 
who aren’t shy and/or anxious (Scealy, Phillips, & Stevenson, 2002). 
The Internet has also been found to be a positive force in the lives of people with 
various disabilities. For example, in populations with physical and sensory disabilities, 
the Internet is believed to be a force of independence, self-worth, and wellbeing (Bache 
& Derwent, 2008; Agree, 2014). For individuals with acquired brain injury (ABI), access 
to the Internet can also offer significant benefits including, increasing social 
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communication and feelings of inclusiveness, and providing access to information about 
their injury (Vaccaro, Hart, Whyte, & Buchhofer, 2007). In a study done by 
Raghavendra, Newman, Grace, & Wood (2013), when youth with cerebral palsy, a 
physical disability, or an ABI were given resources to increase their social networking, it 
was found that their relationships with family and friends became stronger, and they also 
gained an output to make new friends. Nevertheless, where the Internet holds personal 
benefits for both users with and without acquired brain injuries, it also provides potential 
for Internet fraud and exploitation.  
1.2 Incidence Patterns of Fraud and Exploitation Experienced Online 
 In 2009, only 33% of Internet users in the United States expressed a concern 
about the amount of information that is available about them online, but more recently 
this number has increased to 50% (Rainie, Kiesler, Kang, & Madden, 2013). With 
continuously growing traffic on the Internet, the potential of engaging in risky online 
behavior also increases. Currently, 21% of Internet users have had an email or social 
networking account compromised or taken over by someone else without permission, 
11% have had important personal information stolen such as their Social Security 
Number, credit card, or bank account information, and 6% fall in the “other” category, 
having lost money to other forms of online scams (Rainie, Kiesler, Kang, & Madden, 
2013). The average cost per victim of online fraud increased by 52% in one year, going 
from $197 in 2012 to is $298 in 2013 (Norton by Symantec, 2013). In the United States 
as a whole, the cost of consumer fraud is estimated to be $38 billion (Norton by 
Symantec, 2013). When asked about current laws to protect them online, 68% of the 
users are in agreement that current laws are not good enough for protecting personal 
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privacy online (Rainie, Kiesler, Kang, & Madden, 2013). For people who have cognitive 
impairments, it is probable that the risk of personal privacy being intruded is even higher. 
For example in a cognitively impaired population with an ABI, research has shown that 
people with an ABI experience greater difficulty navigating the Internet compared to 
those without ABI (Vaccaro, Hart, Whyte, & Buchhofer, 2007).  
1.3 Acquired Brain Injury 
ABI is an umbrella term including both traumatic and non- traumatic injuries to 
the brain. Traumatic brain injuries (TBI) constitute the majority of acquired brain injuries 
in the United States. In 2010, 2.5 million emergency department visits, hospitalizations, 
or deaths were attributed to a TBI (Faul, Xu, Wald, & Coronado, 2010). By definition, a 
TBI is “an alteration in brain function manifest as confusion, altered level of 
consciousness, seizure, coma, or focal sensory or motor neurologic deficit resulting from 
a blunt or penetrating force to the head” (Bruns Jr., J. & Hauser, W.A, 2003). One way of 
classifying TBI is based on severity differences using the Glasgow Coma Scale (GCS) 
(Schoenberg & Scott, 2011). The GCS determines a patient’s responsiveness level in eye 
opening, motor movement, and verbal communication and assigns a score with lower 
numbers being more severe, and greater numbers less severe (Schoenberg & Scott, 2011). 
A mild TBI is a score ranging from 13 to 15, moderate TBI ranging from 9 to 12, and 
severe TBI ranging from 3 to 8 (Schoenberg & Scott, 2011; Johnson, DeMatt, & Salorio, 
2009). Falls, motor vehicle accidents, gunshots, and more are all ways in which a TBI 
can be sustained. Major consequences of TBI are lifelong physical, cognitive, behavioral, 
and emotional deficits, making it one of the most disabling injuries (Langlois, Rutland-
Brown, & Wald, 2006).  
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On the other hand, ABIs can also be non-traumatic. For example, ABI can also 
include cerebral vascular accidents. The most common form of cerebral vascular 
accidents is ischemic stroke (Feigin, Lawes, Bennett, & Anderson, 2003). Stroke can 
either be ischemic or haemorrhagic, however the majority of stokes are ischemic, 
meaning there is an insufficient blood flow to the brain causing a deprivation of oxygen 
(Donnan, Fisher, Macleod, & Davis, 2008). Depending on where the deterioration occurs 
in the brain, different outcomes can be seen. Other forms of oxygen deprivation are 
hypoxic and anoxic brain injuries. Anoxic brain injury is a total loss of oxygen supply to 
the brain; this is an extreme case of hypoxic brain injury where there is a lack of oxygen 
to the brain (Sturmey, 2007). Causes of anoxic brain injury can be respiratory arrest, 
asphyxia, drowning, severe anaemia, carbon monoxide poisoning, an imbalance in 
metabolic supply, toxic conditions, or prolonged seizures (Fitzgerald, Aditya, Prior, 
McNeill, & Pentland, 2010). Similar to every other form of brain injury, the localization 
of the injury is important to determine outcomes. For anoxic brain injuries, the 
hippocampus, cerebellum, and basal ganglia are particularly susceptible to experiencing 
the oxygen deprivation, where the brainstem, hypothalamus, and basal forebrain are more 
resistant (Garcia-Molina, Roig-Rovira, Enseñat-Cantallops, Sanchez-Carrion, Pico-
Azanza, Bernabeu, & Tormos, 2009).  
1.4 Common Cognitive Deficits Seen in Acquired Brain Injury 
Following brain injury, individuals can demonstrate a wide variety of deficits that 
impact their relationships and participation in valued life roles and the community (Walsh 
& Francis, 2010). These deficits can also impact the way an individual appropriately and 
confidently uses the Internet, especially deficits of the cognitive and behavioral nature. 
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Cognitive problems seen after brain injury include difficulty in planning and problem 
solving, problems with processing information, short term memory, short attention span, 
and difficulty doing more than one thing at a time (Walsh & Francis, 2010; Sohlberg, 
McLaughlin, Pavese, Heidrich, & Posner, 2000). Regarding memory, the biggest 
difficulties seem to be with encoding, storage, and retrieval (Miotto, Cinalli, Serrao, 
Benute, Lucia, & Scaff, 2010). Miotto et al. (2010) also discovered that these memory 
deficits were often paired with strategy formulation. Another study found that the 
presence of deficits may differ based off severity; difficulties in memory, cognitive 
flexibility, and psychomotor speed were found to be those most common in cases of 
moderate TBI, with the addition of compromises in attention, processing speed, and 
reasoning skills in severe TBI (Roebuck-Spencer & Sherer, 2011). Research has also 
found that people specifically with a TBI tend to perform poorly on the Trail Making 
Tasks A and B, suggesting deficits in visual scanning and attention (Brooks, Fos, Greve, 
& Hammond, 1998). In a study done on people with anoxic brain injuries, the most 
common and frequently reported cognitive deficit is memory impairment, but verbal 
comprehension is also a common pattern (Garcia-Molina, Roig-Rovira, Enseñat-
Cantallops, Sanchez-Carrion, Pico-Azanza, Bernabeu, & Tormos, 2009).  
Behavioral deficits seen after ABI commonly include, but are not limited to, 
impulsiveness, anger, and frustration (Walsh & Francis, 2010). Many people with an ABI 
are diagnosed with impulse control disorders as well (Anderson, Parmenter, & Mok, 
2002). However, the way an ABI affects an individual is complex, and varies by person 
(Walsh & Francis, 2010). Most commonly, people experience heightened anxiety and 
sensorimotor dysfunction (Johnstone, Wright, Wong, O’Brien, Rajan, & Shultz, 2014). 
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The second most common mood disorders after anxiety are depression and mania 
(McGee, Alekseeva, Chernyshev, & Minagar, 2016).  
1.5 Internet Use in Other Neurological Populations 
Although a clinically important question, to date, studies examining ABI and 
Internet fraud are limited. One population that has been studied and may provide some 
insight into ABI and Internet fraud is dementia. Deficits in areas such as attention span, 
memory, information processing, decision-making, impulse control, and judgment are 
presented in both populations (Rapoport, Verhoeff, & Reekum, 2004; Anderson, 
Parmenter, & Mok, 2002). Many of these deficits are necessary traits when using the 
Internet, as the Internet requires patience, tolerance, and some knowledge about various 
applications (Scealy, Phillips, & Stevenson, 2002).  Research has found that compared to 
a population of neurologically intact individuals, people with dementia experienced 
greater difficulty when using everyday technology, such as the Internet (Rosenberg, L., 
Kottorp, A., Winblad, B., & Nygård, L., 2009; Nygård & Starkhammar, 2007). In another 
study, it was found that out of all the deficits an individual with dementia faces, memory 
and attention span were the two major contributors to why they experienced difficulty 
when using the Internet (Nygård & Starkhammar, 2007). Memory and attention span are 
also two of the prominent deficits in people with an ABI (Sohlberg, McLaughlin, Pavese, 
Heidrich, & Posner, 2000). Given the similarities of cognitive deficits in these two 
populations, it is probable that a population with ABI will experience similar difficulties 
when using the Internet. In fact, one study performed by Vaccaro, Hart, Whyte and 
Buchhofer (2007) has shown that Internet users with an ABI do experience difficulties 
when using the Internet such as taking a longer time to find things compared to healthy 
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controls, going in circles, loss of focus and patience, and having difficulty understanding 
content. However, this literature is still limited and needs to be expanded.   
1.6 Current Surveys to Measure Internet Use Statistics and Patterns 
If we are to measure difficulties and fraud experienced by Internet users with 
ABI, self-report tools such as surveys may be beneficial to get thorough and personal 
data. A study performed by Kilov, Togher, & Power (2015) evaluated the practicality and 
reliability of self-report surveys in a population with traumatic brain injuries. 
Specifically, they examined whether self-report was reliable for capturing people with a 
TBI’s Internet habits and usages (Kilov, Togher, & Power, 2015). The researchers used 
the Computer User Profile, CUP, a survey previously designed to evaluate computer and 
Internet use in individuals. It was found that self-report surveys are practical, valuable, 
and reliable for capturing data on Internet usage in people with and without TBI (Kilov, 
Togher, & Power, 2015).  
Previous research has implemented the use of surveys and questionnaires to 
investigate Internet use. For example, the U.S. Census bureau has formed the American 
Community Survey that is administered annually to Internet users in the United States. A 
portion of it is dedicated to Internet usage by asking questions about computers, high 
speed Internet, activity, opinions about the Internet, etc. (U.S. Census Bureau, 2013). 
This survey can be administered online or in paper. Other research such as Fox and Raine 
(2014) used an extensive survey for their Internet project. They began with general 
questions about if and how people use theInternet, to more specific about experiences 
online (see Table 1). Vaccaro, Hart, Whyte and Buchhofer (2007) used a survey method 
with individuals with TBI, but again it solely included questions about Internet usage 
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such as, “How do you access the Internet?” (Vaccaro, Hart, Whyte, and Buchhofer, 
2007). Where there are measures, such as those mentioned, that evaluate general Internet 
usage in people with and without brain injuries, there still lacks a practical survey to 
evaluate Internet fraud and exploitation in populations with brain injuries.  
Table 1. Fox & Raine, 2014 Survey Question Examples 
General Question:  
 
Do you use a computer at your workplace, at school, at home, or anywhere else on at 
least an occasional basis? 
 
Specific Question: 
 
We’re interested in the different types of experiences people have when they use the 
Internet. Have you ever experienced any of the following things online?  
Have you ever…  
 
____ a. Seen an online group come together to help a person or a community solve a 
problem 
 
____ b. Left an online group because the interaction became too heated or members were 
unpleasant to one another 
 
____ c. Been treated unkindly or been attacked by someone online 
 
____ d. Been treated kindly or generously by others online 
 
 
1.7 Current Study 
 Where the literature to date has primarily focused on analyzing general Internet 
usage patterns in populations with ABI, there remains a gap in the literature examining 
whether or not this population is at risk for fraud or exploitation (Vaccaro, Hart, Whyte, 
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& Buchhofer, 2007). This study aims to fulfill this gap by using our newly developed 
questionnaire (see Appendix A), and cognitive testing to examine if ABI and deficits 
experienced after an ABI are related to an increased risk for Internet Fraud Vulnerability. 
The hypotheses of the current study are as follows: 
Aim 1: To increase our understanding of Internet use behavior among individuals with 
ABI.  
Hypothesis 1.1: It is hypothesized that individuals with ABI will use the Internet less 
than healthy controls. 
Hypothesis 1.2: It is hypothesized that individuals with ABI will report less Internet 
Comfort when using the Internet compared to healthy controls.  
Aim 2: To examine the presence of Internet Fraud Vulnerability among individuals with 
ABI and healthy controls.  
Hypothesis 2.1: It is hypothesized that individuals with ABI will report more IFV 
compared to healthy controls.  
Aim 3: To examine predictors of Internet Fraud Vulnerability among individuals with 
ABI and healthy controls.  
Hypothesis 3.1: It is hypothesized that high impulsivity scores, as measured by the IFV-
Q, and high risk-taking scores, as measured by the Balloon Analogue Risk Task (BART), 
will predict Internet Fraud Vulnerability. 
Hypothesis 3.2: It is hypothesized that low STROOP scores will predict Internet Fraud 
Vulnerability. 
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2. Experimental Design and Methods 
2.1 Participants  
A total of 46 participants will be recruited, 23 of the participants will have a 
diagnosis of an Acquired Brain Injury (ABI). All participants will be between the ages of 
18 to 60 years. 60 years is the cut-off so that natural cognitive decline with age does not 
serve as a confounding variable. Participants will also be required to be able to read 
English at the 5th grade level. Most importantly, participants should be using the Internet 
at least once a week for the past nine months, and access should not be limited to 
rehabilitative settings. 
 
Inclusion criteria to participate in the study as a participant with an ABI will be as 
follows -  
1) Individuals should be diagnosed with ABI based on the presence of either an initial 
Glasgow Coma Scale rating, or from the presence of posttraumatic amnesia, or from the 
presence of abnormal neuroimaging findings as a consequence of the injury. The 
availability of any medical documentation that verifies the occurrence of a brain injury 
will be taken as sufficient to include the individual in the study. The brain injury should 
not be solely anoxic. Because the hippocampus, cerebellum, and basal ganglia are very 
susceptible to experiencing damage following anoxia, outcomes of unconsciousness, 
paralysis, and inability to speak are often seen (Garcia-Molina, Roig-Rovira, Enseñat-
Cantallops, Sanchez-Carrion, Pico-Azanza, Bernabeu, & Tormos, 2009). Due to these 
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results and the nature of this study, individuals who have been diagnosed with only an 
anoxic form of ABI will not be included in this study.  
2) The post-injury recovery should be more than two years. Post-injury period of after 
one year was chosen so that individuals with a mild brain injury with temporary 
symptoms will not be included. Typically, deficits following mild brain injuries only last 
about three months (Mittenberg & Roberts, 2011; Binder, Rohling, & Larrabee, 1997). 
Because cognitive deficits are stabilized after the first year following injury, as well as 
the majority of recovery happening during this time, it is only of interest to include 
individuals who are not in their first year following injury. Also, we do not want to look 
at Internet usage from that first year, but rather all/any years following.   
3) The age at the time of injury should have been 18 years or more, but no more than 60 
years. 60 years is the cut-off so that natural cognitive decline with age does not serve as a 
confounding variable to deficits experienced.   
 
Participants with an ABI will be excluded if - 
1) The individual at the time of enrollment has been diagnosed with a psychiatric 
diagnosis that might affect cognitive functioning. These diagnoses include (but are not 
limited to) a diagnosis of schizophrenia, severe depression (with the exception of mild to 
moderate depression), bipolar disorder.  
2) The individual at the time of enrollment is actively using alcohol, barbiturates, 
benzodiazepines, cocaine, opioids, or is undergoing active treatment for substance abuse.  
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3) The individual has a diagnosis of receptive aphasia. This is to assure that all 
participants comprehend the instructions and measures as deemed via the semi-structured 
interview. 
4) The individual is currently or actively involved in a legal proceeding or lawsuit. 
5) The individual has severe motor and/or sensory deficits because of which testing 
becomes infeasible. 
6) If the individual is colorblind.  
 
The other 23 participants will be healthy controls. Inclusion criteria to participate in the 
study as a healthy control will be as follows - 
1) No neurological diagnosis of ABI, or neurological diagnosis related to degenerative 
disorders such as dementia or movement disorders such as multiple sclerosis should be 
present.  
 
Healthy control participants will be excluded if -  
1) The individual at the time of enrollment has been diagnosed with a psychiatric 
diagnosis that might affect cognitive functioning. These diagnoses include (but are not 
limited to) a diagnosis of schizophrenia, severe depression (with the exception of mild to 
moderate depression), bipolar disorder. 
2) The individual at the time of enrollment is actively using alcohol, barbiturates, 
benzodiazepines, cocaine, opioids.  
3) The individual is currently or actively involved in a legal proceeding or lawsuit.  
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4) The individual has severe motor and/or sensory deficits because of which testing 
becomes infeasible.  
5) If the individual is colorblind.  
 
 
2.2 Recruitment 
Flyers with all of the study’s information will be composed, approved, and 
distributed throughout Bancroft Rehabilitation Services, and Drexel University’s main 
campus. In addition, potential participants attending Bancroft day services will be 
approached and informed of the study. Those interested in participating will first engage 
in a telephone screening conducted by a primary investigator. Inclusion and exclusion 
criteria will be reviewed to verify the participant’s eligibility. All participants will be 
compensated a total of $5.00 for participating in the study. All compensation is coming 
from the lab support fund master’s students at Drexel University get.  
2.3 Power Analyses 
A-priori power analyses were run in G*Power, an extension of IBM SPSS, to find 
desired sample sizes. Power analyses were conducted according to Cohen’s standards 
(1988; 1992). The desired sample size was run for a linear regression. A power of .80 
was used, with a low effect size of .18, this effect size was determined based off of prior 
literature. Alpha level was set at .05 to determine statistical significance. The minimum 
sample size required to obtain a small effect size was 57 participants: 29 participants with 
ABI and 29 healthy controls. The F-value required for significance is 3.17.  
2.4 Assessment Measures 
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 2.4.1 Demographic Information 
A demographic sheet will be created to gain basic information from participants. 
Age, sex, race, and occupation are among the simple questions to be documented through 
the use of the demographic sheet. Another important part of the demographic sheet will 
be a section on ABI for the experimental group. This section will collect information on 
ABI cause, ABI classification, when the injury was acquired, number of years post ABI, 
and the number of years spent in rehabilitation.  
 2.4.2 Internet Use and Fraud Questionnaire 
The Internet Use and Fraud Questionnaire (IFV-Q) is a newly developed measure 
designed to assess the amount of IFV one exhibits. Because of the success Vaccaro, Hart, 
Whyte, and Buchhofer (2007) had when using a survey method delivered via semi-
structured interviews among individuals with TBI, we used a similar style when creating 
the IFV-Q. The IFV-Q uses modified questions from their study, for example in Section I 
when evaluating general Internet usage patterns. However, further sections were also 
created in order to expand from just measuring Internet usage into measuring Internet 
usage and Internet vulnerability. Vaccaro, Hart, Whyte, and Bucchofer (2007) 
administered their survey through semi-structured interviews. Therefore, the IFV-Q will 
be administered in the same way. However, in our study instead of a pen and paper task, 
the IFV-Q will be presented in the form of a flip-book. Each page will contain one 
question in large font with an answer key that the participant can either verbally respond 
to, or point at to indicate their answer. For sections that contain likert-scales, participants 
will be provided with a standardized scale that they can use to respond with their answer. 
The researcher will be physically documenting all answers throughout the session. With 
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all sections combined, the questionnaire aims to measure participant’s general Internet 
usage patterns, impulsivity, comfort using the Internet, and Internet Fraud Vulnerability. 
The IFV-Q consists of five sections. Each section elicits responses that are based 
off of activity during the past nine months. Nine months was chosen based off of prior 
literature and technology use questionnaires. Essentially, nine months is used in order to 
eliminate any memory biases, or false memories that could influence their responses. The 
first section, Section I, assesses the participant’s patterns of Internet usage and behaviors 
when using the Internet, for example: what they use the Internet for, how much they use 
it, and how comfortable they are when using it.  
The second section, Section II, measures impulsive behavior on the web. This 
section was created using previously designed impulsivity measures such as the Barratt 
Impulsiveness Scale, BIS (Patton, Stanford, & Barratt, 1995). Statements from the BIS 
were modified to fit a theme of Internet use. For example the statement “I buy things on 
impulse” from the BIS, was used to develop the statement “I search background 
information about the site I am on before making an online purchase” on the IFV-Q. Each 
statement has a likert scale that follows. The participant will read the statement, then 
choose which score on the scale best suits them. The options are (1) Strongly Agree, (2) 
Agree, (3) Neutral, (4) Disagree, (5) Strongly Disagree. These responses will be scored 
accordingly, using reverse scoring where needed, and a total score will be calculated. 
Higher scores will equal higher impulsivity.  
The third section, Section III, measures comfort level when using the Internet. 
Using specific questions with likert-scaled responses, an Internet Comfort Index (IC) was 
developed by the researchers in order to measure how comfortable participants are when 
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navigating the web. Each statement will be given a value, and then a total score will be 
calculated to measure an individual’s IC. Again, similar to Section II, certain statements 
will have to be reverse scored. Here, a higher score equals higher comfort levels.  
The fourth section, Section IV, gathers information of monetary fraud the 
participant experienced, as well as characteristics and behaviors of the participant than 
may cause he or she to be more vulnerable to experiencing monetary fraud. The questions 
begin by asking about the participant’s most recent purchase, and then develop into more 
specific questions about times they have lost money online. The section ends with 
questions about information they put online, how frequently they make purchases, etc.  
The fifth section, Section V, gathers information on identity theft that the 
participant experienced, as well as characteristics and behaviors that may make one more 
vulnerable to experiencing identity theft. This section asks specific questions about how 
many times their personal information was ever misused, and how. It also includes 
questions about how often they put information online, and their feelings on trusting 
sites.  
Lastly, the sixth section, Section VI, is about pornographic use that may have led 
to monetary fraud or identity theft. This section is to investigate if there is a difference in 
comfort levels when accessing pornographic websites. Prior literature suggests that 
people with ABI tend to engage in inappropriate sex seeking behavior, so this section 
aims to explore if this causes an increased problem when on the Internet. The questions 
assess a participant’s willingness to create memberships on pornographic sites, and if 
they experienced fraud by doing so.  
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The questionnaire will be delivered to the participant by the researcher via semi-
structured interviews, in the form of a flip-book as previously mentioned. In order to 
systematically measure the amount of fraud experienced online, the current study created 
a variable in order to explore relationships between Internet users and fraud, Internet 
Fraud Vulnerability (IFV). There will be two ways of measuring IFV. The first way will 
be a dichotomous value. If any case of monetary fraud or identity theft is present, the 
individual will have IFV; If there are no cases of monetary fraud or identity theft the 
individual will not have IFV. Sections IV question 8, V question 2, and VI question 6 
will be used to calculate this dichotomous IFV value. These specific questions chosen 
from each section ask if the participant has experienced either monetary fraud or identity 
theft. Therefore, we will be able to measure if they have or haven’t had an experience. 
The second way will be a continuous value. Questions throughout the survey will be used 
to create an index variable to measure how much IFV a person has. Questions/statements 
from the IFV-Q will be used to calculate the continuous IFV index as follows: Section I 
questions 5, 6, 7, 9, Section III questions 2, 6, 9, Section IV questions 2, 6, 9, 14, Section 
V questions 1, 5, 8, and Section VI questions 2, 3. These questions were all chosen 
because they include instances where an individual puts information online in a risky 
manner, causing them to gain great potential for fraud, exploitation, and/or theft. It is 
intended that the data collected through this questionnaire will be used to compare the 
risk for IFV between the two populations.  
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Table 2. IFV-Q 
IFV-Q Section Description Key Dependent Variables 
I:	General	Internet	Usage	 v 10	Questions	
v Captures	general	patterns	of	Internet	Usage	
v Assesses	general	behaviors	when	using	the	Internet		
§ Internet use frequency 
§ Internet use 
§ Accessibility method 
§ User type 
 
II: Impulsive Behavior v 13 Statements 
v Measures impulsive 
behaviors when using the 
Internet 
§ Impulsivity score 
III: Internet Comfort v 10 Statements 
v Measures comfort levels 
when using the Internet 
§ Internet comfort score 
IV: Monetary Fraud v 14 Questions 
v Captures instances of 
monetary fraud 
experienced online 
v Assesses the likelihood 
of spending lump sums 
of money, and/or putting 
financial information 
online 
§ IFV Presence: Yes/No 
(question 8)  
§ IFV Score 
(questions 2, 6, 9, 14) 
V: Identity Theft v 7 Questions 
v Captures instances of 
identity theft 
v Assesses frequency of 
how much one puts 
identifying information 
online 
§ IFV Presence: Yes/No  
(question 2) 
§ IFV Score 
(questions 1, 2, 5, 8) 
VI: Pornographic Fraud v 6 Questions 
v Captures instances of 
fraud experienced 
through accessing/using 
a pornographic site 
§ IFV Presence: Yes/No 
(question 6)  
§ IFV Score 
(questions 2, 3)  
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2.4.3 Cognitive Measures 
 The Symbol Digit Modalities Test (SDMT) will be administered to test the 
severity of neurocognitive impairment in individuals. The SDMT is used to measure 
visual scanning, attention, and motor speed. The test will be administered during the 
scheduled time when the researcher meets with the participant. It is a pen and paper task 
that will be administered orally by the researcher. Upon completion, an optional break 
will be given before the next two tasks begin.  
  The STROOP test will be administered to measure disinhibition in participants. 
Disinhibition is relevant to the current study because it can affect what types of risks one 
takes online, potentially leading to fraud. The test will be administered during the 
scheduled time when the researcher meets with the participant. It will be administered 
orally.  
 The Balloon Analogue Risk Task (BART) will be be administered to measure 
risk-taking behavior in each participant. The BART has been found to be a 
psychometrically sound tool to measure real-life risk taking behavior (Lejuez, C. W., 
Read, J. P., Kahler, C. W., Richards, J. B., Ramsey, S. E., Stuart, G. L., Strong, D. R., & 
Brown, R. A., 2002; White, T. L., Lejuez, C. W., de Wit, H., 2008). Correlations have 
also been found between risky-behavior, as told by the BART, with impulsive behaviors 
(Lejuez et al., 2002).  The BART will be available through the use of a laptop. The 
process of the BART requires the participant to decide how much they want to inflate a 
balloon, in order to receive a monetary reward. This idea of balancing rewards versus 
losses, and willingness to take a risk in order to gain money, is relevant to using the 
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Internet as a consumer. The process in the BART figuratively symbolizes mental 
processes one may be having while making purchases online.  
2.5 Procedure 
Participants will first be screened via phone for the inclusion/exclusion criteria for 
participating in the study. If needed for individuals with ABI, the phone screening can be 
an in-person meeting. Once they satisfy all the criteria, they will then be enrolled in the 
study. For the experimental participants, a convenient date and time will be scheduled to 
meet at Bancroft. Upon meeting at Bancroft, the IRB consent forms are reviewed, signed, 
and filed. For the control participants, a convenient date and time will be scheduled to 
meet in the Applied-Neurotechnologies Laboratory of Drexel University’s main campus, 
in suite 123 of Stratton Hall. Upon meeting at Drexel, the IRB consent forms are 
reviewed, signed, and filed. 
Once the consent process is complete, the one-on-one session will begin, lasting 
approximately 2 hours. First, the questionnaire will be orally administered via a semi-
structured interview process. The questionnaire will be in the form of a flip-book. Each 
page will contain one question, with it’s corresponding answer key in large font. 
Participants will be able to either orally respond with their answer, write it down on the 
flip-book page using a dry erase marker, or point to it. For sections of the IFV-Q that 
contain likert scales, a standardized likert scale will be enlarged and used for each 
corresponding statement presented through the flip-book.  
After the questionnaire, there will be a five-minute break, then the researcher will 
deliver three Cognitive assessments- the Symbol Digit Modalities Test (SDMT), the 
Stroop test, and the Balloon Analogue Risk Task (BART), with an optional five minute 
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break in between each. The SDMT will be administered to measure severity of the 
individual’s neuropsychological impairment. The Stroop test will be administered to 
gather information on the subject’s ability to react to stimuli while managing distractions. 
The BART will be used to gather information on the subject’s impulsivity. This will be 
used in conjunction with the self-report impulsivity questions in the questionnaire 
developed by the researcher. The questionnaire and two neuropsychological tests will 
compromise the only time needed for the participant and researcher to meet in person. At 
the completion of the session, all participants will be debriefed and compensated $5.00 
for their participation. 
For the experimental (ABI) group, following the cognitive measures, medical 
records will be accessed. The individual’s medical records will provide objective and 
accurate information in addition to the individual’s self report. We will be getting their 
ABI diagnosis as noted by a medical professional, as well as years since injury, years in 
rehabilitation, and manner in which the injury was sustained. The medical records also 
will provide the researchers with neuropsychological test results that were performed in 
the participant’s rehabilitative setting, Bancroft NeuroRehabilitation. We are interested in 
the participants’ scores on the Mayo-Portland Adaptability Inventory. These results will 
be useful in giving us an objective measure of adaptability that can be controlled for in 
statistical analyses. 
Following the individual sessions for both experimental and control groups, the 
researcher will begin data analysis. Databases containing the variables of interest will be 
created. Variables will be included in the following categories: 1) demographic 
information, 2) Internet use and fraud questionnaire data, and 3) neuropsychological test 
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data. Participants with these variables will be identified with their assigned subject 
number to ensure protection of privacy.  
2.6 Specific Hypotheses and Statistical Analyses 
Hypothesis 1.1: Individuals with an acquired brain injury will use the Internet less than 
healthy controls. 
Hypothesis 1.2 Individuals with an acquired brain injury will report less Internet 
Comfort when using the Internet compared to healthy controls.   
Planned Statistical Analysis 1: To test these hypotheses, descriptive statistics will 
be run. Frequencies will be run calculating how much individuals in both the ABI and 
healthy control groups use the Internet using data from the Internet Fraud Vulnerability 
Questionnaire (IFV-Q). General patterns of usage, such as what participants use the 
Internet for, will also be taken from this questionnaire and analyzed. Internet Comfort 
levels will be calculated through specific questions from the IFV-Q: Section III. 
Following the descriptive statistics, independent sample t-tests will also be run comparing 
Internet usage means between the two groups, ABI and HC, and then Internet Comfort 
means between the two groups, ABI and HC.  
Hypothesis 2.1: It is hypothesized that individuals with ABI will report more IFV 
compared to healthy controls. 
Planned Statistical Analysis 2: To test this hypothesis, a chi-squared contingency 
table analysis will be run between the presence of an ABI, yes/no, and the presence of 
IFV, yes/no.  
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Figure	1		  
 
 
 
 
Hypothesis 3.1: It is hypothesized that high impulsivity scores, as measured by the IFV-
Q, and high risk-taking scores, as measured by the Balloon Analogue Risk Task (BART), 
will predict Internet Fraud Vulnerability. 
 Planned Statistical Analysis 4: To test this hypothesis, simple linear regressions 
will be run. For one regression, the predictor will be BART scores and the outcome 
variable will be IFV continuous index score. For another regression the predictor will be 
impulsive behavior as measured through the IFV-Q, with the outcome variable as the IFV 
index score. These regressions will be run for both the experimental group and the 
healthy control group. To check the validity of the questionnaire’s impulsivity measure, 
each participant’s impulsivity scores from the questionnaire will be correlated with the  
impulsivity scores of the BART. 
 
 
 
 
 
 
 
Figure	2	
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Hypothesis 3.2: It is hypothesized that low STROOP scores will predict Internet Fraud 
Vulnerability. 
Planned Statistical Analysis 5: This hypothesis will be tested using a simple linear 
regression. The predictor variable will be STROOP scores, with the outcome variable as 
IFV index score. This regression will be run for both the experimental group and the 
healthy control group.  
Following analyses for hypotheses 3.1 and 3.2, if there are siginifcant results, 
secondary analyses plan to be run. First we would like to look into hypothesis 3.1 and see 
which is a better predictor of IFV, impulsivity or BART scores. Next, we would put all 
three variables, the BART, STROOP, and impulsivity, into one multiple regression with 
the IFV index score as the outcome.  
 
 
 
  
Figure	3	
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3. Results 
3.1 Modifications 
 Various modifications were made to the study due to sampling limitations and the 
study timeline. Since recruitment was done at Bancroft brain injury rehabilitative 
services, the only people that could participate were those without guardians that could 
consent for themselves. This limited us to only collect eight participants with ABI. Then 
due to exclusion factors, the ultimate number was reduced to six. Healthy controls were 
age and gender matched to each participant with ABI, giving the study a total of twelve 
participants.  
 With only twelve participants, significant power could not be reached, thus 
affecting original analyses plans. Hypotheses were amended to fit the barriers of this 
study. For hypotheses 1.1 and 1.2, the variables of daily and weekly Internet use were 
calculated as categorical variables, thus rendering independent samples t-tests infeasible. 
Instead, these hypotheses would remain the same, with chi-square tests to be run as the 
preliminary analyses. For hypothesis 1.2 specifically, we decided to include question 1.6 
to use a crosscheck for self-reported Internet comfort. Question 1.6 was a self-report of 
how participants view themselves as Internet users, also quantified as a categorical 
variable. Again, a chi-square test was run for this analysis.  
 For hypothesis 2.1, we only proposed to look at IFV as a dichotomous variable 
between groups. After data collection, no cases of monetary fraud or identity theft were 
reported, causing the dichotomous IFV to be a constant. So, in addition to looking at IFV 
dichotomously, we decided to also run analyses on the continuous IFV variable between 
groups, using an independent samples t-test.  
33		
		
 Lastly, hypotheses 3.1 and 3.2 required simple linear regressions to be run in 
order to look at impulsivity, BART scores, and STROOP scores as predictors. Due to the 
lack of power for this sample size, regressions became infeasible as well. Instead, we ran 
Pearson’s correlations on the following variables: IFV (continuous), Internet Comfort, 
IFV-Q Impulsivity, STROOP scores, BART pump averages, and SDMT scores.  
 3.1.1 Modified Hypotheses and Statistical Analyses 
Hypothesis 1.1: Individuals with an acquired brain injury will use the Internet less than 
healthy controls. 
Hypothesis 1.2 Individuals with an acquired brain injury will report less Internet 
Comfort when using the Internet compared to healthy controls.   
Planned Statistical Analysis 1: To test these hypotheses, descriptive statistics will 
be run. Frequencies will be run calculating how much individuals in both the ABI and 
healthy control groups use the Internet using data from the Internet Fraud Vulnerability 
Questionnaire (IFV-Q). General patterns of usage, such as what participants use the 
Internet for, will also be taken from this questionnaire and analyzed. Internet Comfort 
levels will be calculated through specific questions from the IFV-Q: Section III. 
Following the descriptive statistics, chi-square tests will also be run comparing Internet 
usage between the two groups, ABI and HC, and “Internet user type” descriptions 
between the two groups, ABI and HC. An independent samples t-test will be run 
comparing Internet Comfort between the two groups, ABI and HC.  
Hypothesis 2.1: It is hypothesized that individuals with ABI will report more IFV 
compared to healthy controls. 
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Planned Statistical Analysis 2: To test this hypothesis, the continuous IFV 
variable will be used. An independent samples t-test will be run comparing IFV levels in 
ABI and HC.  
Hypothesis 3.1: It is hypothesized that impulsivity scores, as measured by the IFV-Q, and 
risk-taking scores, as measured by the Balloon Analogue Risk Task (BART), will be 
significantly positively related to Internet Fraud Vulnerability. 
 Planned Statistical Analysis 3: To check the validity of the questionnaire’s 
impulsivity measure, impulsivity scores from the IFV-Q will be correlated with the risk-
taking scores from the BART. To test this hypothesis, Pearson’s correlations will be run 
between impulsivity, risk taking scores, and Internet Fraud Vulnerability.  
Hypothesis 3.2: It is hypothesized that STROOP scores will be significantly negatively 
related to Internet Fraud Vulnerability. 
Planned Statistical Analysis 4: This hypothesis will be tested using a Pearson’s 
correlation between STROOP scores and Internet Fraud Vulnerability.   
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3.2 Sample Demographics 
The total sample size for the current study is N = 12. Of the 12 participants, 
33.3% were female (N = 4) and 66.7% were male (N = 8).  Participants’ age ranged from 
29 years old to 54 years old. Each participant in the group with ABI was age (+/- two 
years) and gender matched to a participant in the group without ABI. The average age of 
participants was 43.75 years old (SD = 8.59). Caucasian/white was the highest frequency 
of reported race (75.0%), followed by equal frequencies of American Indian or Alaska 
Native (8.3%), Asian (8.3%), and Native Hawaiian/Other Pacific Islander (8.3%). Two to 
four years of college was the highest level of education endorsed by half of participants 
(50.0%), followed by GED or some high school (33.3%), and Masters level college 
(16.7%). Out of the six participants with an ABI, the majority of them sustained their 
injury through a motor vehicle accident (66.7%), one was a pedestrian hit by a car 
(16.7%), and one sustained their injury from a fall. The average amount of years since 
injury was 18.66 years post (SD = 4.24), the amount of years since injury ranged from 5 
years post to 31 years post. All of our residents were their own legal guardians. Half of 
the participants with brain injuries, three, lived in supervised apartments through 
Bancroft (50%), the other two lived in Bancroft group homes that have staff present 24/7 
(33.3%), and the other one just came to daily rehabilitation service programs (16.7%).  
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Table 3. Demographic Characteristic by Group 	Variable	 																							Group											ABI																					No	ABI	Gender	(Male/Female)	 4/2	 4/2	Education	(M	years/SD)	 13.3/1.21	 15.6/3.20	Age	(M/SD)	 43.8/9.13	 43.7/8.89	Race	 	 							American	Indian/Alaskan	Native	 1	 0							White	 4	 5							Asian	 1	 0							Native	Hawaiian/Pacific	Islander	 0	 1	
 
3.3 Internet Use Statistics 	 The	vast	majority	of	participants	primarily	accessed	the	Internet	through	their	own	devices	(91.7%),	with	the	rest	primarily	accessing	the	Internet	through	a	work/school	device	(8.3%).	In	an	average	day,	the	majority	of	participants	accessed	the	Internet	1-5	hours	per	day	(58.3%),	the	remaining	participants	accessed	the	Internet	5-10	hours	per	day	(25.0%),	and	finally	one	participant	reported	accessing	the	Internet	more	than	10	hours	per	day	(8.3%)	and	one	reported	accessing	the	Internet	less	than	1	hour	per	day	(8.3%).	For	the	participants	with	ABI,	four	considered	themselves	a	“comfortable”	Internet	user	(66.7%),	one	considered	their	self	an	“experienced”	Internet	user	(16.7%),	and	one	classified	their	self	as	“I	can	figure	it	out”	(16.7%).	Whereas	for	people	without	ABI,	five	participants	considered	themselves	“experienced”	users	(83.3%),	and	the	other	one	considered	their	self	“comfortable”	(16.7%).	The	two	most	popular	uses	for	the	Internet	were	E-mail	and	looking	up	information,	with	100%	of	the	participants	using	the	Internet	for	E-mail	
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and	83.3%	using	it	to	look	up	information.	Following	these	two	uses,	the	majority	of	participants	also	reported	using	the	Internet	for	Facebook	(75%),	listening	to	music	(75%),	and	online	shopping	(75%).				
Table 4. Categories of Internet Use 
 Total Population With ABI Without 
ABI 
E-Mail 100% 100% 100% 
Looking Up Info. 83.3% 83.3% 83.3% 
Facebook 75% 66.6% 83.3% 
Listen to Music 75% 33.3% 83.3% 
Online Shopping 75% 50% 100% 
Banking 66.6% 33.3% 100% 
Gaming 50% 66.6% 33.3% 
Instagram 41.6% 0% 83.3% 
Brain Games/Learning 41.6% 33.3% 50% 
Watch Movies 33.3% 33.3% 33.3% 
Phone/Video Calls 33.3% 0% 66.6% 
Grocery Shopping 25% 16% 33.3% 
Health/Medical 25% 16% 33.3% 	
3.4 Preliminary Analyses 
 3.4.1 Hypothesis 1.1  
It was hypothesized that individuals with an acquired brain injury would use the Internet 
less than healthy controls. A Chi-Square contingency table was conducted to compare 
daily and weekly Internet use in participants with ABI and participants without ABI. 
Daily Internet use was categorized into six categories: 1= I use the Internet more than 10 
hours/day, 2= I use the Internet 5-10 hours/day, 3= I use the Internet 1-5 hours/day, 4= I 
use the Internet less than 1 hour/day, 5= I don’t know how much I use the Internet/day, 
6= I don’t use the Internet every day. Weekly Internet use was categorized into five 
categories: 1= I use the Internet every day, multiple times/day, 2= I use the Internet once 
every day, 3= I only use the Internet 3-5 days/week, 4= I only use the Internet on 
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4	6	
ABI	 No	ABI	
Daily	Internet	Usage	
More	than	10	hours	5-10	hours	1-5	hours	Less	than	1	hour	
0	1	
2	3	
4	5	
ABI	 No	ABI	
Weekly	Internet	Usage	
Everyday,	multiple	times	a	day	Once	every	day	
3-5	days	per	week	
weekends, 5= I use the Internet less than 2 days/week. For weekly Internet usage, we did 
not see differences between amount of weekly usage and ABI presence, χ2(10) = 1.143, 
p = .565. For daily Internet usage, we did not see differences between amount of daily 
usage and ABI presence, χ2(10) = 6.29, p = .099. However, there is a trend towards 
more daily Internet usage in people without ABI.  
Figure 4. Weekly Internet Usage Bar Chart 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Daily Internet Usage Bar Chat 
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3.4.2 Hypothesis 1.2 
 It was hypothesized that individuals with an acquired brain injury would report 
less Internet Comfort when using the Internet compared to healthy controls. An 
independent samples t-test was run to compare Internet Comfort in participants with ABI 
and participants without ABI. There was no significant difference in Internet Comfort 
levels for participants with ABI (M= -2.17, SD=8.90) and participants without ABI 
(M=5.83, SD=5.49); t(10)=-1.87, p=.091, but a trend was seen with people without ABI 
reporting higher Internet Comfort levels. 
Table 5. Internet Comfort Independent Samples T-Test  
  
t 
 
df 
Sig. (2-
tailed) 
  
Mean 
 
SD 
 
Internet 
Comfort 
Total Scores 
 
 
1.87 
 
 
10 
 
 
.091 
 
ABI 
 
-2.17 
 
 
8.90 
 
 
No ABI 
 
 
5.83 
 
5.49 
 
In addition, a Chi-Square Contingency Table was run to compare how people 
identify as an Internet user (1= Experienced, 2= Comfortable, 3= I can figure it out, 4= 
Beginner, 5= Uncomfortable, 6= I don’t know how to use it at all) in people with ABI 
and people without. We did not observe differences between Internet user identification 
type and ABI presence, χ2(10) = 5.47, p = .065. However there was a trend suggesting 
participants without ABI rate themselves more confidently as “experienced users” 
compared to participants with ABI who identify as “comfortable users”. In addition, a 
bivariate Pearson’s correlation was calculated between Internet comfort and user 
identification, and a significant negative relationship was found, r(10)= -.611, p= .035.  
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3.4.3 Hypothesis 2 
It was hypothesized that individuals with ABI will report more Internet Fraud 
Vulnerability compared to healthy controls. Internet Fraud Vulnerability was a 
dichotomous variable calculated by combining any reported instances of monetary fraud 
or identity theft in the last 6 to 9 months. However, none of the participants reported 
instances of IFV, and therefore the analysis could not be run. Next, an independent 
samples t-test was run comparing continuous IFV levels in participants with ABI and 
without. There was a significant difference in IFV levels for participants with ABI 
(M=11.50, SD=4.04) and participants without ABI (M=18.33, SD=2.88); t(10)=-3.38, 
p=.007.  
Table 6. IFV Independent Samples T-Test 
  
t 
 
df 
Sig. (2-
tailed) 
  
Mean 
 
SD 
 
 
IFV Index 
Total 
 
 
-3.38 
 
 
10 
 
 
.007 
 
ABI 
 
11.50 
 
4.04 
 
No ABI 
 
18.33 
 
4.04 
 
  3.4.4 Hypothesis 3.1 
It was hypothesized that impulsivity scores, as measured by the IFV-Q, and risk-
taking scores, as measured by the BART, will have significant positive relationships with 
Internet Fraud Vulnerability. First, a correlation was run to evaluate the relationship 
between IFV-Q Impulsivity and BART risk taking. There was no significant relationship 
between Impulsivity, as measured through the IFV-Q, and Risk Taking behavior, as 
measured through the BART, r(10)= -.218, p = .497. Next, bivariate Pearson’s 
correlations were run between IFV-Q Impulsivity, BART risk-taking scores, and IFV. 
IFV-Q Impulsivity and IFV were strongly positively correlated, r(10) = .641, p = .05. 
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However there was no significant relationship between BART risk taking scores and IFV, 
r(10)= -.490, p = .357.  
3.4.5 Hypothesis 3.2 
 It was hypothesized that STROOP interference scores will have a significant 
negative relationship Internet Fraud Vulnerability. A bivariate Pearson’s correlation was 
run between STROOP scores and IFV. There was no significant relationship between 
STROOP interference scores and IFV, r(10)= .047, p = .884.  
3.5 Other Findings 
 SDMT scores and the presence of a brain injury were strongly positively 
correlated, r(10) = .864, p = .000, meaning better SDMT scores suggested no presence of 
ABI. STROOP scores and SDMT scores were negatively correlated, r(10) = -.601, p = 
.039. This raises cause for concern because the relationship suggests that the better one 
performs on the SDMT, the worse they will on the STROOP. Internet	Comfort	and	IFV	levels	were	strongly	positively	correlated,	r(10)	=	.644,	p	=	.024.	Impulsivity	and	Internet	Comfort	were	strongly	positively	correlated,	r(10)=	.606,	p	=	.05.	Suggesting	that	the	impulsivity	and	comfort	scales	were	not	uniquely	different.	Lastly,	an	independent	samples	t-test	was	run	on	IFV-Q	Impulsivity	between	groups.	There	was	no	significant	difference	in	IFV-Q	Impulsivity	scores	in	people	with	ABI	(M=	-4.50,	SD=	4.46)	and	without	ABI	(M=	-2.67,	SD=	4.72);	t(10)=	-.692,	p=.505.	 
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Table 7. Correlations  
 ABI 
Presence 
IFV 
Index 
Score 
Impulsivity 
(IFV-Q) 
Internet 
Comfort 
(IFV-Q) 
Interference 
(STROOP) 
Cognitive 
Impairment 
(SDMT) 
Risk-
Taking 
(BART) 
ABI  
Presence 
 
1       
IFV 
Index Score 
 
.730** 1      
Impulsivity 
(IFV-Q) 
 
.214 .641* 1     
Internet 
Comfort 
(IFV-Q) 
 
.509 .644* .606* 1    
Interference 
(STROOP) 
 
-.463 .047 .301 .310 1   
Cognitive 
Impairment 
(SDMT) 
 
.864** .400 .131 .453 -.601 1  
Risk-Taking 
(BART) 
-.292 -.490 -.218 -.410 -.047 -.013 1 
Note. * = p < .05, ** = p < .01. 
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Table 8. Seven Variables T-Test 	 t	 df	 Sig.		IFV	Index	Score		 -3.37	 10	 .007	
Impulsivity (IFV-Q) 
 
-.692	 10	 .505	
Internet Comfort 
(IFV-Q) 	 -1.87	 10	 .091	
Cognitive Impairment 
(SDMT) 	 -5.42	 10	 .000	
Interference 
(STROOP) 	 1.65	 10	 .130	
Risk-Taking (BART) 	 .966	 10	 .357	
 
4. Discussion 
 4.1 Main Findings 
 This pilot study aimed to examine how general patterns of Internet usage in 
people with and without ABI may lead to fraud and theft experienced online. This was a 
relatively new area of exploration. Limited research on Internet usage in people with 
brain injuries had only been done on general patterns of Internet use, such as how 
frequently one uses the Internet and what one uses the Internet for. As it was found in a 
study done by Vaccaro, Hart, Whyte, and Buchhofer (2007), we knew people with ABI 
experience more difficulty when using the Internet and report using the Internet less 
compared to healthy controls. Therefore, the goals of this pilot study were to expand 
upon this literature and provide empirical evidence to support the hypothesis that people 
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with ABI are more at risk for fraud, specifically monetary and identity theft, when on the 
Internet.  
Due to location restrictions for our experimental population with ABI, we were 
only able to sample from an inpatient brain injury treatment center. Our final sample 
turned out to be high functioning in terms of impulsivity, risk-taking behavior, and 
interference when compared to general trends in people with ABI, as discussed later. 
However there was a difference in cognitive impairment between groups, where the 
participants with ABI reported more cognitive impairment than those without. In addition 
as a result of location restrictions, we were only able to obtain a limited sample size. Due 
to this, our original hypotheses of the study needed modification. Upon analyzing our 
data, some of our findings were as expected due to findings from prior research, but it 
also seemed that there were relationships between variables that went the opposite way in 
which we hypothesized.   
 4.1.1 Internet Usage and ABI 
 As discussed in the introduction, many cognitive deficits seen in ABI are also 
necessary traits to have when using the Internet (Rapoport, Verhoeff, & Reekum, 2004; 
Anderson, Parmenter, & Mok, 2002; Scealy, Phillips, & Stevenson, 2002). It is also 
known that there are trends with people with ABI having more difficulty navigating the 
web (Vaccaro, Hart, Whyte, & Bucchofer, 2007). Therefore it was hypothesized that 
people with ABI will use the Internet less than people without ABI, and the findings were 
as expected. When Internet usage was looked at daily, people with ABI reported using it 
less than people without ABI.  
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 We then explored Internet usage a step further, through a newly created measure 
of Internet Comfort. Internet Comfort was created to help explain why one may be more 
inclined to use the Internet more or less, by measuring how one feels when using the 
Internet. It was hypothesized that people with ABI would have less Internet Comfort than 
people without ABI due to difficulties people with ABI have when using the Internet, as 
evidenced in prior literature (Vaccaro, Hart, Whyte, & Bucchofer, 2007). With the 
limited sample size and power we had, there was no difference in Internet Comfort 
scores, however there as a trend towards	people	without	ABI	reporting	higher	Internet	Comfort	levels	then	people	with	ABI.	When asked how people identify as an Internet 
user, there	was	a	relationship	between	the	way	people	identified	and	the	presence	of	ABI;	people with ABI reported themselves as “comfortable” Internet users, where people 
without ABI who reported themselves as “experienced” Internet users. 	 		 A	relationship	was	also	found	between	Internet	Comfort	and	IFV.	We	found	that	the	relationship	between	the	two	variables	was	a	positive	one	where	the	more	comfortable	one	is	online,	the	greater	the	IFV	index	score.	If	one	is	more	comfortable	online,	then	they	will	use	the	Internet	more	and	explore	all	of	its	potential.	This	idea	is	even	supported	with	the	trend	we	found	towards	our	health	control	participants	using	the	Internet	more.	The	more	one	uses	the	Internet,	then	the	more	opportunity	to	experience	online	fraud.	However,	this	relationship	brought	up	an	important	clarification	about	Internet	Comfort.	Comfort	does	not	suggest	knowledge.	Just	because	one	is	comfortable	with	the	Internet,	does	not	also	mean	one	is	knowledgeable	of	the	Internet.	Therefore,	it	would	be	interesting	to	
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measure	one’s	knowledge	with	the	Internet	and	see	how	that	then	affects	a	susceptibility	towards	IFV.		One	important	consideration	is	the	potential	limitations	of	this	newly	created	construct	of	Internet	Comfort.	There	was	a	relationship	found	between	scores	from	this	study’s	impulsivity	measure	and	the	comfort	measure,	suggesting	the	two	may	not	have	been	uniquely	different	in	what	they	were	measuring.	Where	there	were	differences	and	trends	found	regarding	comfort	online,	Internet	comfort	could	have	also	been	reflecting	traits	better	relating	to	impulsivity.	Future	studies	should	validate	these	measures,	using	reliability	and	validity	checks	such	as	assessing	for	high	construct	validity.		
4.1.2	Internet	Fraud	Vulnerability	and	ABI		 This	study’s	main	goal	was	to	see	if	there	were	any	differences	in	fraud	experienced	online	between	people	with	ABI	and	people	without	ABI.	In	order	to	empirically	examine	fraud,	there	were	two	levels	of	Internet	Fraud	Vulnerability	measured	in	this	study.	One	was	a	dichotomous	variable	that	solely	took	into	account	one	or	more	reported	instances	of	monetary	fraud	or	identity	theft,	yielding	a	yes	or	no	result.	Throughout	all	twelve	participants,	not	one	had	experienced	an	instance	of	monetary	fraud	or	identity	theft	in	the	past	nine	months,	making	the	dichotomous	IFV	variable	a	constant	and	excluded	from	analyses.		On	the	other	hand,	there	was	the	continuous	IFV	index	variable	calculated	through	various	questions	from	the	IFV-Q.	Each	participant	had	a	total	IFV	index	score,	with	lower	numbers	suggesting	less	vulnerability	and	higher	numbers	
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suggesting	more.	It	was	found	that	there	was	a	difference	in	IFV	between	groups.	Participants	with	ABI	had	much	less	IFV	than	participants	without	ABI.	This	was	an	extremely	interesting	finding.	Since	we	knew	that	people	with	ABI	have	deficits	in	areas	such	as	attention	span,	information	processing,	decision-making,	impulse	control,	and	judgment,	we	had	hypothesized	this	relationship	would	be	the	opposite	(Rapoport, Verhoeff, & Reekum, 2004; Anderson, Parmenter, & 
Mok, 2002).	One	explanation	for	the	lower	reported	amounts	of	IFV	in	participants	with	ABI	may	be	due	to	the	fact	that	they	were	actively	enrolled	and	residing	in	a	rehabilitation	program.	Perhaps	the	rehabilitation	center	is	providing	constant	guidance	and	education	on	proper	and	safe	Internet	usage,	causing	them	to	be	more	cautious	online	than	people	without	ABI.	This	then	brings	into	question	how	the	results	would	look	if	we	had	also	included	people	with	ABI	that	were	not	actively	enrolled	in	a	rehabilitative	program.	It	would	be	interesting	to	look	at	the	difference	in	Internet	usage	between	those	enrolled	in	rehabilitative	programs,	and	those	who	aren’t,	and	then	look	at	within	group	differences	of	IFV.	This	way	we	would	be	able	to	potentially	see	if	rehabilitation	programs	are	a	covariate	to	IFV,	or	if	less	IFV	is	just	a	general	trend	among	all	with	ABI.		We	then	examined	the	individual	relationships	certain	cognitive	traits	have	with	IFV.	We	had	chosen	to	use	impulsivity,	risk-taking,	and	interference	as	cognitive	areas	of	interest	since	we	knew	these	are	common	cognitive	deficits	people	with	ABI	share,	as	well	as	traits	necessary	for	browsing	the	Internet	(Rapoport, Verhoeff, & Reekum, 2004; Anderson, Parmenter, & Mok, 2002; Scealy, 
Phillips, & Stevenson, 2002).	With	this	being	said,	we	found	that	our	sample	was	
48		
		
inconsistent	with	the	trends	in	prior	literature.	There	was	no	difference	in	risk-taking,	interference,	or	impulsivity	scores	between	groups.	This	suggests	a	potential	flaw	in	the	generalizability	of	our	sample	with	ABI.	Furthermore,	there	was	no	relationship	between	risk-taking	and	IFV,	nor	interference	and	IFV.		There	was	only	a	relationship	between	impulsivity	and	IFV.	As	impulsivity	scores	increase,	so	does	IFV.	However,	as	mentioned	earlier	about	the	limitations	to	the	Internet	Comfort	measure,	the	impulsivity	measure	in	this	study	also	has	limitations.	In	order	to	check	to	construct	validity,	we	checked	our	Impulsivity	measure	with	a	reliable	and	validated	risk-taking	measure	known	to	have	strong	positive	correlations	with	self-reported	impulsivity	measures	(r=.23	to	.28:	Aklin	et	al.,	2005;	Lejuez	et	al.,	2002).	Because	there	was	no	relationship	found,	there	may	be	limitations	in	the	construct	validity	of	our	impulsivity	measure.	Future	studies	should	either	create	a	reliable	and	valid	impulsivity	measure	to	use	in	the	IFV-Q,	or	use	an	already	reliable	and	validated	impulsivity	task	such	as	the	Barratt	Impulsivity	Scale.		In	all,	we	wound	up	with	a	few	distinct	and	interesting	findings,	which	can	lead	the	expansion	of	further	literature.	First,	people	with	ABI	are	not	only	using	the	Internet	less	than	people	without	ABI,	but	they	also	tend	to	be	less	comfortable	and	experienced	with	it.	Next,	people	with	ABI	exhibit	less	Internet	Fraud	Vulnerability	than	those	without	ABI,	a	finding	that	seems	to	be	surprising	given	all	of	the	deficits	associated	with	ABI	in	prior	literature.	And	last,	impulsivity	is	the	only	cognitive	deficit	that	seems	to	have	a	relationship	with	the	amount	of	IFV	one	exhibits.		 	
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4.2	Limitations	
	 This	was	a	very	brief	pilot	study	to	ensure	that	a	study	of	this	nature	could	be	done,	and	to	see	what	patterns	would	be	found.	Many	limitations	were	found	throughout	the	study.	First,	it	is	important	to	note	the	effect	that	Bancroft’s	Neuro-rehabilitation	program,	and	any	other	rehabilitation	participants	had	received	since	their	injury,	had	on	the	participants	with	ABI.	The	education	they	received	about	being	safe	online	seemed	to	be	very	effective.	Throughout	the	study	sessions,	it	was	clear	that	they	put	little	to	no	identifying	information	online.	This	was	interesting	to	note	that	even	though	participants	with	ABI	were	reporting	less	Internet	Comfort,	their	lack	of	understanding	with	the	Internet	seemed	to	serve	as	a	protective	factor	causing	them	to	have	less	IFV.	However,	his	or	her	caution	when	using	the	Internet	may	also	serve	as	a	preventative	factor	for	using	the	Internet	as	someone	without	a	brain	injury	would.	For	example,	because	of	their	knowledge	to	not	put	personal	information	online,	one	may	not	use	online	banking,	or	simple	online	shopping	for	fear	of	putting	their	credit	card	information	online,	although	it	is	a	safe	and	appropriate	place.			 It	seemed	that	this	cautionary	behavior	when	online	also	caused	a	skew	in	our	overall	IFV	index	scores.	Because	the	participants	with	brain	injury	were	not	putting	any	type	of	identifying	information	online,	even	in	appropriate	ways,	there	became	a	bigger	gap	in	IFV	index	scores	between	groups.	Many	of	the	questions	that	comprised	the	IFV	index	score	were	geared	towards	finding	out	what	type	of	information	people	are	willing	to	put	online,	and	how	often	they	do	so.	However	these	questions	were	missing	information	on	whether	they	are	appropriately	
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putting	this	information	online,	or	if	it	is	risky	behavior.	For	example,	our	healthy	controls	may	have	stated	that	they	do	not	hesitate	to	put	their	credit	card	information	online,	however	this	is	because	they	frequently	shop	and	bank	online.	These	discrepancies	in	the	statements	used	to	comprise	the	IFV	index	score	may	have	helped	contribute	to	the	significant	difference	in	IFV	scores.	Future	research	should	make	sure	to	provide	specific	statements	that	differentiate	between	putting	information	online	appropriately	or	inappropriately.			There	were	no	significant	differences	found	in	impulsivity,	risk-taking,	or	interference	scores	between	participants	with	ABI	and	participants	without	ABI.	This	suggested	to	us	that	the	majority	of	participants	with	ABI	in	our	study	were	high	functioning	compared	to	findings	from	prior	literature	studies	where	people	with	ABI	showed	greater	deficits	in	these	areas	compared	to	healthy	controls	(Rapoport, Verhoeff, & Reekum, 2004; Anderson, Parmenter, & Mok, 2002).	Thus,	there	is	an	issue	of	generalizability	of	our	sample.	It	seems	that	our	sample	of	people	with	ABI	does	not	properly	reflect	a	population	with	ABI.	Future	studies	should	ensure	a	varied	sample,	with	multiple	ranges	of	ABI	severity.			 Another	area	for	improvement	was	in	the	way	data	was	collected.	The	questionnaire	used	in	this	study	was	based	off	of	prior	studies	done	on	Internet	usage	(Vaccaro, Hart, Whyte, and Buchhofer, 2007; Fox and Raine, 2014), and we chose 
to use self-report because it has been found to be an effective tool to capture people with 
ABI’s habits and use on the Internet (Kilov, Togher, & Power, 2015). Throughout data 
collection we found that participants with ABI were able to respond appropriately to 
questions about their Internet usage. Many of them would respond strongly to questions 
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about if they would put personal identifying information online. When working with 
people with brain injuries, it has to be noted that they often have deficits in executive 
dysfunction, including planning, initiation/following a task, and anticipating the 
consequences of a behavior (Kennedy et. al, 2008). Therefore, a limitation lies in self-
report because the participants with ABI may know the appropriate response to a 
question, but not actually follow through with that response in their actions in daily life. 
For example, one might response to a question about putting their social security number 
online appropriately, “No I would never put my social security number online!”, but then 
when actively using the web and an opportunity arises to entre their SSN in a form, they 
may enter it without even thinking twice. It	may	be	valuable	for	future	studies	to	seek	a	study	protocol	that	measures	actual	behavior	when	on	the	Internet	in	order	to	check	the	validity	of	the	self-reported	responses	on	the	IFV-Q.	Creating	an	interface	where	participants	can	go	about	their	daily	routine	on	the	Internet	while	the	researcher	tracks	their	usage	would	serve	as	a	proxy	to	mitigate	the	role	of	executive	dysfunction	in	our	sample	with	ABI.	Another	possibility	for	future	research	would	be	to	use	validate	answers	on	the	IFV-Q	with	a	secondary	reporter,	such	as	a	family	member,	friend,	or	rehabilitation	specialist.				 Finally,	due	to	the	success	of	previous	studies	with	using	this	time-frame,	our	study	limited	participants	to	report	on	their	Internet	usage	in	the	past	six	to	nine	months.	This	parameter	was	successful	in	prior	literature,	and	was	used	in	order	to	limit	false	memories	and	gain	as	much	accuracy	as	possible.		However,	when	the	study	was	implemented,	many	participants	recalled	having	experienced	monetary	fraud	or	identity	theft	online	outside	of	the	six	to	nine	month	period.	If	future	
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studies	take	into	account	any	instances	of	monetary	fraud	or	identity	theft	experienced	online	in	someone’s	lifetime,	they	may	get	a	better	picture	of	how	the	person	uses	the	Internet,	and	their	risk	towards	IFV.			 Ultimately,	this	pilot	study	provided	us	with	a	brief	glimpse	into	the	ways	people	with	ABI	use	the	Internet.	Trends,	differences,	and	relationships	were	found	between	groups.	However,	changes	should	and	can	be	made	to	better	the	research	for	future	studies	regarding	this	topic.																 	
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